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I. INTRODUCTION
Weldability of cast iron has been found to be very poor due to the heterogenity of matrix phase and non-Weldability of the graphite phase. These phases undergo a series of microstructural changes in the HAZ during weld repairing by fusion welding the project discusses the nature of these changes occurring in the vicinity of the weld zone as well as method of controlling these to get satisfactory weldment.Weldability of ductile cast iron depends on its original matrix, chemical composition mechanical properties and structure of welding process and working condition .The preheating temperature range depends on the hardenability of the iron chemical composition or carbon equivalent, the size and complexity of the weld and the type of filler materials. Preheating must be sustained for a time sufficient to avoid martensite formation and to prevent secondary graphite from developing in the matrix upon annealing or multipass welding. The effect of preheat is to reduce residual stresses, distortion, prevent cold cracking and reduce the hardness in the HAZ In this study, the HAZ structures and mechanical properties of grey cast iron welds have been examined in the ascast and fully ferritizing annealing conditions under preheat temperatures. The selection of the joining process for a particular job depends upon many factors. There is no one specific rule governing the type of welding process to be selected for a certain job. A few of the factors that must be considered when choosing a welding process are:
 Availability of equipment  Repetitiveness of the operation  Location of work  Materials to be joined  Appearance of the finished product  Size of the parts to be joined  Time available for work  Cost of materials  Code or specification requirements  Quality requirements (base metal penetration, consistency, etc.)
II. LITRATURE REVIEW
Bhatnagar et al [1] studied the problematic welding characteristics of the cast iron originate majorly from the high carbon content of the material. Researcher work on the two methods of welding cold welding and hot welding. Then he work on the preheating of metal and find the best suited method of welding. Alie -This paper investigates welding cast iron is used in ships, bridges, pressure vessels, industrial machinery, automobile, rolling stock and many other fields. Problems associated with welding are common issues in these fields. A Study was conducted to investigate Weldability of grey cast iron, as grey cast iron contains graphite in flake form, carbon can readily be introduced into the weld pool, causing weld metal embrittlement and Grey cast iron 
B. Machining Work
 All the plate are cut in two halves with the help of band saw in lab, after cutting the plate dimension become 60mm length, 50mm width and 6mm thickness.  For making groove for welding plate, one of the edges of plate is cut at 22.5 degree so that both plates matched; angle of 45 degree was made. Edge cutting on all plate was made on when shaper machine in machining shop, the angle was given to the tool of shaper by moving it to 22.5 degree.  Single V weld specimen was made because the thickness of the plate was only 6mm and from economy point of view it consumes less electrode then U joints.
 After the cutting, grinding and cleaning of welding surface were done.
C. Tensile Test
The sample for tensile test was prepared on lathe machine by turning operation as ASTM E8 standards. The tensile testing of the composite was done on UTM. Standard specimens with 100mm gauge length were used to evaluate ultimate tensile strength. The comparison of the properties of the composite materials was made with the commercially pure aluminium.
D. Impact Test

IZOD Test:
The specimens for the IZOD test were prepared on shaper machine. The IZOD test specimen was 75mm long with 10×10 mm2 cross section, having a standard 45o notch 2mm deep.
CHARPY Test:
The specimens for the CHARPY test were prepared on shaper machine. The IZOD test specimen was 55mm long with 10×10 mm2 cross section, having a standard 45o notch 2mm deep.
Hardness Test:
The samples for the bending test were prepared on lathe machine. The samples were prepared according to ASTM E10. The dimensions for samples were 10mm diameter and 15mm length. After this, with the help of microscope, indent caused by the ball indenter is measured, a inbuilt micrometer scale is present in the microscope, which is adjustable according to the position of indent we can adjust it to measure the diameter of indent.
E. Microstructure:
The microstructure was taken with and without etching at different resolutions. The Microstructure was done to find the properties of weld of cast iron as well as the HAZ of weld.
IV. RESULT & DISSCUSSION
A. Tensile Strength Measurement
Tensile test was performed on universal testing machine. The specimens were prepared according to ASTM E8 standard. The first specimen prepared by manual metal arc welding process. Second specimen was prepared by preheating before welding process. Third specimen was prepared by preheating before the welding then welding the post welding procedure is applied. Forth specimen was a post welding heat treating.
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V. IMPACT STRENGTH MEASUREMENT (CHARPY TEST)
Charpy test was performed on impact testing machine. The specimens were prepared according to ASTM E23 standard. The first specimen prepared by manual metal arc welding process. Second specimen was prepared by preheating before welding process. Third specimen was prepared by preheating before the welding then welding the post welding procedure is applied. Forth specimen was a post welding heat treating.
VI. HARDNESS MEASUREMENT
Hardness test was performed on Brinell hardness testing machine. The specimens were prepared as per the standard specified in machine manual. The first specimen prepared by manual metal arc welding process. Second specimen was prepared by preheating before welding process. Third specimen was prepared by preheating before the welding then welding the post welding procedure is applied. Forth specimen was a post welding heat treating. 
B. Microstructure of simple weld evaluation
Microstructure of welded grey cast iron at 200X and 500X magnification indicates that image is enlarged by 200 and 500 times of original image. The Micrograph is obtained after casting and the process applied of manual metal arc welding. The melt temperature for casting of grey cast iron is 1150 C. The micrograph shows that the intermolecular space is large. Fig.1 shows microstructure of grey cast iron showing graphite in ferrite matrix and perlite matrix with hard and brittle phase of carbide. Fig.2 & 3 shows the microstructure after and before etching at 200X and 500X magnification demonstrates that FZ microstructure consists of mainly an austenitic matrix plus small amount of dispersed graphite particles. Nickel filler metal is able to precipitate carbon, picked up from the BM, in its free form as graphite, nodular graphite structure is present. 
C. Base metal
D. Fusion zone
E. Preheated Welding
G. Heat Affected Zone (HAZ):
In this region, the peak temperature rises above the critical point. There is no melting but matrix transforms to austenite during heating. During cooling, a variety of transformation products are obtained. Fig.6 show some typical microstructures of HAZ for preheat. The HAZ contained approximately 80% pearlite and 20% martensite for the as-cast welding condition carried out at 650°C preheating. A thin film of pearlite may be observed around the spheroid formed due to diffusion of carbon back into the graphite spheroid resulting in a thin shell of austenite. The mixed ferrite plus pearlite region is also observed; martensite in the as-welded HAZ contributes to inferior properties in the weldment after subcritical annealing. This is because the martensite decomposes to ferrite plus a fine distribution of secondary graphite Decomposition of bainite or pearlite in the HAZ results in secondary graphite free ferrite with the carbon from bainite or pearlite matrix growing on the existing primary graphite in ductile cast iron. Martensite formation in the HAZ is associated not only with inadequate preheat temperatures but by neglecting to maintain the temperature for a sufficient time after welding to ensure transformation to non martensitic structures. K. Microstructure after PWHT Evaluation:-PWHT is necessary in most cases in order to eliminate the massive carbides and martensite in HAZ and PMZ and thus reduce hardness and brittleness. Two most common PWHTs for cast iron weldments are subcritical tempering and full (ferritizing) annealing. Low temperature tempering can reduce hardness of martensite; however, higher tempering temperature is required to graphitize the eutectic carbides. Secondary graphitization reduces the brittleness of PMZ and HAZ and improves impact properties. However, excessive graphitization can reduce ductility of weldment. PWHT rather than subcritical tempering gives better microstructure ISSN: 2348 -8360 www.internationaljournalssrg.org Page 6
C. Preheated and Post Weld
control and the excessive graphitization and formation of chain-like graphite is prevented.
Therefore, in this study a full annealing PWHT was chosen including heating up to 650°C, holding for 2 hours at 650°C and then furnace cooling. Fig.  (11,12,14,15) shows various microstructural zones in the weldment after PWHT. As can be seen, the microstructure of FZ is remained unchanged after PWHT thermal cycle. However, HAZ microstructure significantly is affected by PWHT. As can be seen in fig.(13) , HAZ consists of graphite matrix in a flakes in a ferrite matrix. Holding in 650 o C for two hours provide sufficient driving force to dissolve of eutectic carbide and the martensite phases formed during the welding. During the slow furnace cooling, graphite is formed in a ferrite matrix but not Fe-C. The applied PWHT can reduce formation of brittle phases in HAZ.
V. CONCLUSIONS
In this study it is observed that formation of martensite and carbide in fusion zone can be controlled via controlling of cooling rate and chemical composition of fusion zone. Result of the current study showed that by using nickel base filler material, the formation of brittle martensite and carbide in fusion zone is prevented. It was shown that HAZ microstructure of grey cast iron contains martensite. Also, PMZ microstructure contains hard eutectic carbide and martensite. To resist against this problem it is advisable to reducing cooling rate via preheating to prevent martensite and carbide formation or post heat treatment to decompose martensite and carbides to softer microconstituents. Preheating enables to avoid the formation of martensite, however high preheat temperature which is sufficient for prevention of martensite formation induces other problems distortion of the work pieces (in the case of local preheating). Only, very slow cooling rates can prevent the eutectic-carbide formation during solidification in PMZ, full annealing including heating up to 810°C, holding for 45 minute at 810°C and then furnace cooling was used. This PWHT was successful in the dissolution of martensite in HAZ and graphitization in this zone. Also, this heat treatment was successful in the reduction of PMZ hardness. Applied PWHT was successful in producing a weld with nearly uniform hardness profile. Therefore, according to the results presented in this paper, it can be concluded that welding of grey cast iron with a nickel filler metal coupled with applying a proper full annealing (ferritizing) PWHT can serve as solution for grey cast iron welding problems.
